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There is general consensus on the detrimental effects of 
heavy alcohol consumption on blood pressure (BP).1,2 In 
fact, it is estimated that at least 5%–7% of hypertension 
cases are secondary to heavy consumption.3 Large prospec-
tive studies have shown that the risk of developing hyper-
tension increases with increasing alcohol consumption.4,5 
Intervention trials confirmed the relation between alcohol 
consumption and BP, showing that a reduction in alcohol 
intake was associated with a substantial decrease in BP 
values,6–8 even when measured by 24-hour ambulatory BP 
monitoring (ABPM).9
Although heavy alcohol consumption has been clearly 
associated with increased BP, the effects of light-to-moder-
ate alcohol consumption on BP are still controversial, with 
conflicting results obtained in different populations.10–12 
Several studies have strongly suggested a favorable impact 
of moderate consumption on incident or prevalent coronary 
artery disease as well as incident stroke or heart failure.13–15 
The mechanisms of this beneficial effect on cardiovascu-
lar outcomes are still poorly understood. The established 
association between alcohol and higher high-density lipo-
protein serum levels may be of importance through a pro-
tective effect on the development of atherosclerosis,16 but 
other mechanisms may exist that are not mediated by an 
anti-ischemic effect.15 We recently reported on the protec-
tive effect of light-to-moderate alcohol consumption on aor-
tic atherosclerosis17 and that BP variability, obtained from 
ABPM, is independently associated with severe aortic ath-
erosclerosis.18 The study of the effects of alcohol on BP may 
therefore help elucidate an alternate mechanism to explain 
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background
Although heavy alcohol consumption is associated with hypertension, 
the impact of lighter consumption on blood pressure (BP) is controver-
sial. The protective effect of light alcohol consumption on cardiovascu-
lar disease described in previous studies could be, in part, mediated by 
effects of alcohol on BP. However, only a few studies investigating the 
association between alcohol and BP included elderly subjects, despite 
their higher risk of hypertension sequelae. Accordingly, we evaluated 
the relationship between alcohol consumption and 24-hour ambula-
tory BP in a community-based elderly cohort.
methods
Among the participants in the Cardiac Abnormalities and Brain Lesion 
study, 553 subjects (mean age  =  70.6 ± 9.6  years) who underwent 
24-hour ambulatory BP monitoring were examined. Alcohol consump-
tion was categorized as (i) none (reference; <1 drink/month); (ii) very 
light consumption (1 drink/month to 1 drink/week); (iii) light consump-
tion (2 drinks/week to 1 drink/day); (iv) moderate-to-heavy consump-
tion (>1 drink/day). Former drinkers were excluded.
results
After adjustment for relevant covariables, mean values of daytime 
diastolic BP (DBP), nighttime DBP, and 24-hour DBP were significantly 
higher in moderate-to-heavy drinkers than in the reference group, 
whereas systolic BP parameters were not significantly different across 
consumption groups. Daytime systolic BP and DBP variability (SD of the 
measurements) were significantly lower in very light drinkers than in 
the reference group, independent of potential confounders.
conclusions
Moderate-to-heavy alcohol consumption was associated with higher 
DBP values. Very light alcohol consumption was associated with reduced 
daytime BP variability. The latter association may contribute to the 
known beneficial cardiovascular effects of light alcohol consumption.
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the beneficial effects of alcohol on atherosclerosis and car-
diovascular outcomes. In particular, the possibility that the 
relation between alcohol consumption and BP may not fol-
low a linear, dose–response pattern, but differ instead on 
the basis of the amount consumed (i.e., beneficial effect at 
lower doses, deleterious effect at higher ones), is intriguing 
because it would mimic the J-shaped relation that is known 
to exist between alcohol consumption and CV events.19,20
The association between alcohol and BP levels has been 
studied in young and middle-aged populations.21,22 Little is 
known about this relation in the elderly, who represent the 
population subgroup most likely to suffer from sequelae of 
hypertension such as heart failure and coronary artery dis-
ease or stroke. Furthermore, the protective effect of light-
to-moderate drinking on cardiovascular diseases appears to 
be limited to older subjects23 or those with worse cardiovas-
cular risk profile.24 The aim of this study was therefore to 
evaluate the association between alcohol consumption and 
24-hour BP and its variability in a cross-sectional study in a 




The study population was derived from the Cardiac 
Abnormalities and Brain Lesion (CABL) study, a National 
Institute of Neurological Disorders and Stroke–sponsored 
study. The CABL participants were derived from the stroke-
free cohort of the Northern Manhattan Study (NOMAS), a 
community-based prospective study designed to evaluate 
the risk factors for stroke. Details of enrollment have been 
previously published.25 Among the 1,004 subjects enrolled 
in CABL, 855 agreed to undergo ABPM and completed the 
24-hour evaluation. Reliable data regarding ABPM or alco-
hol consumption during the CABL follow-up was available 
in 706 participants. Among those, 153 participants were for-
mer drinkers and were excluded from main analysis, leaving 
a study population of 553 subjects. Informed consent was 
obtained by all participants. The study was approved by the 
Institutional Review Board of Columbia University Medical 
Center.
Risk factors assessments
Baseline demographics and risk factors were collected 
through standardized interviews. Office systolic BP (SBP) and 
diastolic BP (DBP) (mean of 2 measures in sitting position) 
were measured by trained research assistants, after a period of 
rest with a mercury sphygmomanometer. Hypertension was 
defined as office SBP ≥140 mm Hg or DBP ≥90 mm Hg, or 
self-report of hypertension, or antihypertensive medications 
use. Blood samples were obtained at enrollment. Diabetes 
mellitus was defined as fasting blood glucose ≥126 mg/
dl, or self-reported diabetes, or diabetes medications use. 
Hypercholesterolemia was defined as total serum cholesterol 
>240 mg/dl, or self-reports of hypercholesterolemia, or use 
of lipid-lowering treatment. Race/ethnicity was determined 
by self-report using a questionnaire modeled after the US 
Census Bureau and classified in 3 groups: non-Hispanic 
whites, non-Hispanic blacks, and Hispanics. Level of educa-
tion (high school graduation and higher), smoking history, 
body mass index, and data on antihypertensive therapies 
(beta-blockers, diuretics, vasodilators, calcium antagonists, 
angiotensin-converting inhibitors) were collected. Obesity 
was defined as a body mass index ≥30 kg/m2.
Adequate social support was defined as a positive 
response to the question, “Do you have someone you can 
trust and confide in?”; social isolation was defined as a nega-
tive response to the question, “Do you see your relatives and 
friends as often as you want to?”
Assessment of alcohol consumption
Alcohol consumption was assessed by research assis-
tants during an in-person interview at enrollment. The 
reliability and validity of this assessment, adapted from the 
National Cancer Institute Food Frequency questionnaire, 
has been previously validated in this population.25 Each 
subject was followed-up by phone yearly, and the consump-
tion was again assessed at these interviews (mean follow-up 
time = 5.3 ± 3.5 years). The frequency and the type of bev-
erage over the previous year were recorded. The predefined 
response allowed 9 possibilities ranging from never drinking 
to ≥7 drinks/day. A standard drink was defined as 120 ml or 
4 ounces of wine, 360 ml or 12 ounces of beer, or 45 ml or 1.5 
ounces of liquor. The frequency of consumption was evalu-
ated by the average number of drinks consumed per day and 
week. Participants were then categorized into 4 groups: (i) 
reference group: abstainers and very infrequent drinkers (<1 
drink/month); (ii) very light consumption: 1 drink/month 
to 1 drink/week; (iii) light consumption: 2 drinks/week to 
1 drink/day; and (iv) moderate-to-heavy consumption: >1 
drink/day. The alcohol consumption used in the analysis 
was derived from the initial report at baseline enrollment 
and had to be confirmed as unchanged throughout the fol-
low-up until the nearest point to the performance of ABPM. 
Participants were excluded from the analysis if (i) they could 
not provide an estimation of their consumption, (ii) they 
reported a change in consumption between different inter-
views during follow-up (to avoid the presence of “sick quit-
ters” from drinking because of an incident health condition), 
or (iii) if they were former drinkers (to avoid residual inter-
ference of past drinking on BP).
Ambulatory blood pressure monitoring
ABPM was performed using a BP monitor (SpaceLabs 
Ultralite 90217; Williams Medical Supplies, Rhymney, UK), 
previously validated by the Association for the Advancement 
of Medical Instrumentation and calibrated against a refer-
ence mercury sphygmomanometer. ABPM methods have 
been previously published.18 Briefly, patients were asked to 
keep their usual daily activities during monitoring and to 
note them in a diary together with the waking and the sleep-
ing time. ABPM was performed with a BP cuff appropriately 
sized on the nondominant arm. BP was recorded automati-
cally every 15 minutes during waking hours and every 30 
minutes during sleeping hours for 24 hours. The following 
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variables were obtained: (i) 24-hour SBP and DBP (average 
of the 24 hours); (ii) daytime SBP and DBP (average of awake 
measurements); (iii) nighttime SBP and DBP (average of 
sleeping measurements); (iv) daytime and nighttime variabil-
ity (SD of BP readings during day and night); and (v) night-
to-day-ratio (night-time SBP/daytime SBP). Mean heart rates 
during waking and sleeping hours were also recorded.
Statistical analysis
Continuous variables were expressed as means ± SDs, and 
categorical data were expressed as proportions. For continu-
ous variables, pairwise comparisons between two groups 
were assessed by t test, and overall differences among ≥3 
groups were examined by 1-way analysis of variance. For 
categorical variables, comparison among groups was carried 
out by χ2 test. Linear models were used to evaluate the asso-
ciation between different levels of consumption and BP vari-
ables in univariable and multivariable analyses. Covariables 
known to affect BP or the association between alcohol and 
BP (age, sex, race-ethnicity, education, body mass index, dia-
betes, smoking history, antihypertensive medication, social 
support, and social isolation) were considered and included 
in the multivariable models when significantly different 
among the alcohol consumption groups. Adjusted means 
were obtained for each ABPM variable in the 4 consumption 
groups. All tests were 2-sided, and the level of significance 
was set at P = 0.05. All statistical analyses were performed 
using SAS software version 9.2 (SAS institute, Cary, NC).
RESULTS
Study population
The characteristics of the study sample by consumption 
categories are summarized in Table  1. The mean age was 
70.6 ± 9.6  years. In the reference group, 104 persons were 
occasional drinkers (<1 drink/month), and 138 persons 
were abstainers. Significant differences in demographics and 
cardiovascular risk factors were present among the drinking 
categories (Table 1).
BP and alcohol consumption
As shown in Table  2, office SBP, daytime SBP, night-
time SBP, and 24-hour SBP were significantly lower in 
very light alcohol drinkers than in the reference group (all 
P < 0.05). Office SBP was significantly lower in light drink-
ers compared with the reference group (P < 0.01). In mul-
tivariable analysis, differences in SBP values among the 
groups were no longer statistically significant. In Table 3, 
diastolic ABPM variables by alcohol consumption groups 
are shown. In univariable analysis, daytime DBP and 
24-hour DBP were higher in light and moderate-to-heavy 









consumption (n = 53) P valuea
Age, y, mean ± SD 72.2 ± 9.4 69.4 ± 9.3** 69.2 ± 9.9** 69.3 ± 9.4* <0.01
Men, no. (%) 33 (13.6) 46 (33.3)** 69 (57.5)** 39 (73.6)** <0.01
Race/ethnicity, no. (%)
  Black 35 (14.5) 24 (17.4)* 16 (13.3)** 10 (18.9)**
  Hispanic 189 (78.1) 93 (67.4) 75 (62.5) 29 (54.7)
  White 18 (7.4) 21 (15.2) 29 (24.2) 14 (26.4) <0.01
Higher education, no. (%) 90 (37.2) 68 (49.3)* 70 (58.3)** 34 (64.2)** <0.01
BMI, kg/m2, mean (SD) 29.1 (5.1) 27.7 (4.7)* 28.3 (4.7) 26.9 (3.9)** <0.01
Obesity, no. (%) 97 (40.3) 38 (27.5)* 37 (30.8) 10 (18.9)** <0.01
Diabetes, no. (%) 86 (35.5) 34 (24.6)* 29 (24.2)* 12 (22.6) <0.05
Hypertension, no. (%) 202 (83.5) 98 (71.0)** 85 (70.8)** 41 (77.4) <0.05
Cigarette smoking, no. (%) 91 (37.6) 68 (49.3)* 68 (56.7)** 40 (75.5)** <0. 01
Hypercholesterolemia, no. (%) 161 (66.8) 79 (57.3) 79 (57.3) 27 (50.9)* 0.07
Serum HDL, mg/dl, mean (SD) 53.0 (15.7) 53.3 (16.8) 52.8 (16.3) 55.7 (19.0) 0.72
Antihypertensive medication, no. (%) 191 (79.6) 91 (68.9)* 77 (67.0)** 31 (63.3)* <0.05
CAD, no. (%) 17 (7.0) 12 (8.7) 3 (2.5) 4 (7.6) 0.22
Social support, no. (%) 135 (55.8) 97 (70.3)** 66 (55) 37 (69.8) <0.05
Social isolation, no. (%) 124 (51.2) 82 (59.4) 80 (66.7)** 34 (64.2) <0.05
Higher education was defined as high school or higher degree.
Abbreviations: BMI, body mass index; CAD, coronary artery disease; HDL, high-density lipoprotein.
aP value for the overall test.
*P < 0.05 and **P < 0.01 for the comparison vs. reference group.
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consumption groups (all P  <  0.05), and nighttime DBP 
was higher in the moderate-to-heavy consumption group 
compared with the reference group (P < 0.01). The higher 
ABPM DBP values associated with moderate-to-heavy 
drinking remained statistically significant in multivariable 
analyses (all P < 0.05).
No significant differences in heart rate (24-hour, daytime, 
nighttime, or variability) were observed among the different 
categories of alcohol consumption.
BP variability and alcohol consumption
Daytime SBP SD was significantly lower in very light and 
light drinkers (both P  <  0.01) compared with the reference 
group (Table 2), whereas SBP night-to-day ratio was lower in 
light and moderate-to-heavy groups compared with the refer-
ence group (both P < 0.01). In multivariable analysis, daytime 
SBP SD remained significantly lower in the very light alco-
hol consumption group compared with the reference group 
(P  <  0.05), and SBP night-to-day ratio remained lower in 
light drinkers compared with the reference group (P < 0.05). 
Daytime DBP SD was lower in very light and light drinkers 
compared with the reference group in univariable analysis 
(both P < 0.01), and it remained significantly lower in the very 
light alcohol consumption group compared with the reference 
group after adjusting for covariables (P < 0.01) (Table 3).
DiSCUSSiON
In this community-based elderly cohort, we showed 
that (i) moderate-to-heavy alcohol consumption was 
associated with higher BP values (daytime SBP; daytime, 
nighttime, and 24-hour DBP) independent of demograph-
ics and potential confounders; and (ii) very light alcohol 
consumption was associated with lower daytime BP vari-
ability compared with no or very infrequent/occasional 
consumption.
The former result confirms reports from other studies 
that showed a detrimental association of moderate-to-heavy 
consumption on BP levels after taking into account several 
confounding factors.12,21 Although the magnitude of the 
association between alcohol and BP that we observed was 
smaller compared with some previous reports, on a popula-
tion perspective, this magnitude of association may still have 
significant impact on prevalence of hypertension and related 
incidence of events. Furthermore, the association of alco-
hol consumption might be different in our predominantly 
elderly participants compared with younger individuals. Sex 
composition of the population might have also played a role 
in our findings compared with previous studies. Our study 
population was predominantly female, and it is known that 
women are more sensitive to the effects of alcohol because 
of lower enzymatic alcohol dehydrogenase hepatic activity.26 
Table 2. Systolic ambulatory blood pressure monitoring variables by alcohol consumption
Univariable models, mean (SD)
Variable Reference Very light consumption Light consumption
Moderate-to-heavy 
consumption P valuea
Office SBP, mm Hg 138.7 (20.2) 134.5 (17.3)* 132.8 (15.2)** 133.9 (14.7) <0.05
Daytime SBP, mm Hg 128.5 (15.6) 125.2 (13.1)* 128.3 (12.3) 132.2 (11.8) <0.05
Nighttime SBP, mm Hg 120.5 (17.5) 116.6 (15.4)* 117.2 (13.3) 120.1 (14.7) 0.07
24-h SBP, mm Hg 125.6 (15.6) 122.2 (13.2)* 124.4 (11.6) 128.1 (12.3) <0.05
SBP night-to-day ratio 0.94 (0.07) 0.93 (0.07) 0.92 (0.08)** 0.91 (0.07)** <0.01
Daytime SBP SD, mm Hg 13.2 (3.8) 11.8 (3.0)** 12.1 (3.0)** 12.6 (3.4) <0.01
Nighttime SBP SD, mm Hg 10.9 (3.5) 10.3 (3.1) 11.2 (3.4) 10.4 (3.0) 0.15
Multivariable models, mean (95% CI)
Variable Reference Very light consumption Light consumption
Moderate-to-Heavy 
consumption P valuea
Office SBP, mm Hg 136.5 (133.7–139.3) 135.8 (132.6–139.0) 134.0 (130.5–137.6) 136.1 (131.0–141.2) 0.70
Daytime SBP, mm Hg 128.6 (126.3–130.9) 126.2 (123.6–128.8) 127.7 (124.9–130.6) 131.7 (127.6–135.8) 0.10
Nighttime SBP, mm Hg 120.5 (118.0–123.0) 118.2 (115.3–121.1) 117.1 (114.0–120.3) 120.6 (116.0–125.1) 0.22
24-h SBP, mm Hg 125.9 (123.6–128.1) 123.5 (121.0–126.0) 124.1 (121.3–126.9) 128.0 (123.9–132.0) 0.14
SBP night-to-day ratio 0.94 (0.93–0.95) 0.94 (0.92–0.95) 0.92 (0.90–0.93)* 0.91 (0.89–0.94) 0.08
Daytime SBP SD, mm Hg 13.0 (12.5–13.5) 12.2 (11.6–12.8)* 12.6 (11.9–13.2) 13.2 (12.2–14.1) 0.08
Nighttime SBP SD, mm Hg 10.9 (10.3–11.4) 10.6 (10.0–11.3) 11.3 (10.7–12.0) 10.8 (9.8–11.7) 0.43
Covariables were age, sex, race/ethnicity, education, body mass index, diabetes, smoking history, antihypertensive medication use, social 
support, and social isolation.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
aP value for the overall test.
*P < 0.05 and **P ≤ 0.01 for the comparison vs. reference group.
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Therefore, they might experience a greater impact of alcohol 
on BP than men,22 but with a sharper dose–effect relation-
ship and higher sensitivity after a threshold is crossed. In a 
recent report from the Nurses’ Health Study, light-to-mod-
erate alcohol consumption was associated with a reduced 
risk of stroke,27 but the possible contribution of changes in 
BP was not evaluated.
An interesting and novel finding of our study was the 
association between very light chronic alcohol consump-
tion and lower BP variability. Although a detrimental effect 
of heavy alcohol consumption on circadian BP variability 
is known,28 to our knowledge this is the first report of an 
association between very light alcohol consumption and 
circadian BP variability. The difference with previous stud-
ies that showed an increase in BP variability with alcohol 
consumption,28 besides differences in the studied popula-
tions, may be linked to the amount of alcohol consumed, 
which was considerably lower in our study than in previ-
ous ones.28 In fact, an element of novelty of our study is the 
observation that low alcohol consumption (from 1 drink/
month to 1 drink/day) can exert an effect on circadian BP 
variability, suggesting that the beneficial effect of alcohol 
may be obtained at lower levels than previously believed. 
Several studies have shown the association of BP variability 
with outcomes such as overall mortality or cardiovascular 
mortality.29,30 Circadian BP variability was also linked with 
cardiovascular morbidity, especially for the risk for stroke 
and coronary artery disease.31 BP variability can theo-
retically contribute to atherosclerosis progression through 
direct mechanical effects, such as shear stress and phasic BP 
load. The association between BP variability by ABPM and 
the presence of severe aortic arch atherosclerosis that we 
reported previously18 or that was found with target organ 
damage in other studies32,33 could be consistent with these 
deleterious effects. On the other hand, light-to-moderate 
consumption has been associated with a protective effect 
on the incidence of coronary artery disease and stroke.25,34 
We previously reported that light-to-moderate alcohol con-
sumption is associated with lower atherosclerotic burden 
in the aortic arch, a circumstance that could be involved 
in alcohol’s protective effect on stroke risk.17 Our current 
findings suggest that lower circadian BP variability might 
play a role in the beneficial influence of very light alcohol 
consumption on cardiovascular outcomes, a hypothesis that 
can only be advanced as such by our cross-sectional study 
and will require further assessment in longitudinal studies. 
Interestingly, the general pattern of our data on the effect of 
alcohol on BP (beneficial for very light consumption, del-
eterious for moderate-to-heavy consumption) is compatible 
with the J-shaped relation known to exist between alcohol 
Table 3. Diastolic ambulatory blood pressure monitoring variables by alcohol consumption
Variable
Univariable models, mean (SD)
Reference Very light consumption Light consumption
Moderate-to-heavy 
consumption P valuea
Office DBP, mm Hg 78.6 (9.8) 77.5 (9.4) 78.5 (9.3) 80.0 (9.3) 0.42
Daytime DBP, mm Hg 72.6 (9.3) 72.8 (8.3) 75.3 (7.7)** 79.8 (7.4)** <0.01
Nighttime DBP, mm Hg 65.3 (9.4) 65.0 (9.0) 66.4 (8.6) 70.2 (9.4)** <0.01
24-h DBP, mm Hg 70.0 (8.9) 70.1 (8.0) 72.2 (7.3)* 76.5 (7.6)** <0.01
DBP night-to-day ratio 0.90 (0.08) 0.89 (0.08) 0.89 (0.08) 0.88 (0.08) 0.13
Daytime DBP SD, mm Hg 9.4 (2.5) 8.5 (2.0)** 8.7 (2.3)** 9.1 (2.6) <0.01
Nighttime DBP SD, mm Hg 7.90 (2.5) 7.81 (2.4) 8.05 (2.0) 8.60 (2.4) 0.20
Multivariable models, mean (95% CI)
Variable Reference Very light consumption Light consumption
Moderate-to-heavy 
consumption P valuea
Office DBP, mm Hg 78.8 (77.2–80.3) 78.1 (76.4–79.9) 78.7 (76.7–80.6) 81.0 (78.2–83.7) 0.35
Daytime DBP, mm Hg 74.6 (73.3–76.0) 73.2 (71.6–74.7) 74.4 (72.7–76.1) 78.3 (75.9–80.8)** <0.01
Nighttime DBP, mm Hg 66.9 (65.4–68.3) 65.3 (63.6–67.0) 65.5 (63.6–67.4) 69.0 (66.3–71.7)* <0.05
24-h DBP, mm Hg 72.0 (70.7–73.3) 70.5 (69.0–72.0) 71.4 (69.7–73.0) 75.1 (72.8–77.5)* <0.01
DBP night-to-day ratio 0.90 (0.88–0.91) 0.89 (0.88–0.91) 0.88 (0.86–0.90) 0.88 (0.86–0.91) 0.35
Daytime DBP SD, mm Hg 9.5 (9.2–9.9) 8.8 (8.4–9.2)** 9.2 (8.7–9.7) 9.5 (8.8–10.2) <0.05
Nighttime DBP SD, mm Hg 8.1 (7.7–8.5) 7.9 (7.5–8.4) 7.9 (7.4–8.4) 8.6 (7.9–9.3) 0.36
Covariables were age, sex, race/ethnicity, education, body mass index, diabetes, smoking history, antihypertensive medication use, social 
isolation, and social support.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
aP value for the overall test.
*P < 0.05 and **P ≤ 0.01 for the comparison vs. reference group.
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and cardiovascular events and stroke.19,20 It should be noted 
that visit-to-visit BP variability, which is biologically dif-
ferent from circadian BP variability, has also been shown 
to have important prognostic implications for a variety of 
cardiovascular outcomes in ways that differ from variability 
assessed by ABPM.35 The assessment of the effect of alcohol 
consumption on visit-to-visit BP variability, which may also 
be of interest, was not a part of our study. BP variability is 
believed to reflect in part the effects of diffuse atherosclero-
sis. Increased arterial stiffness associated with the athero-
sclerotic process might decrease the ability of baroreceptors 
to transduce signals of acute vascular changes,36 resulting 
in higher BP variability. Interventional studies have shown 
a beneficial impact of light-to-moderate alcohol on arterial 
stiffness, possibly through anti-inflammatory, antioxidant, 
and antithrombotic properties.37,38 As a consequence, a 
beneficial effect exerted by chronic light alcohol consump-
tion on arterial stiffness may also be implicated in its effect 
on BP variability observed in our study.
Strengths of our study are the relatively large sample size 
of elderly individuals undergoing ABPM because ABPM 
has been shown to be superior to clinic BP measurements 
for the predictors of cardiovascular events.39 Our cohort 
was community based and enrolled using random digit 
dialing, which minimized biases. Also, we only included 
in the main analysis subjects who confirmed steady alco-
hol consumption over the 5 years before enrollment, which 
may have resulted in a more reliable assessment and also 
helped avoid interference on the results by “sick quitters.” 
Our study also has limitations that need to be highlighted. 
The cross-sectional design of our study can document asso-
ciations between variables, and although we accounted for 
the effect of several confounders in multivariable models, 
a direct cause–effect relationship of alcohol on BP values 
cannot be implied. Our cohort had a high cardiovascular 
risk profile and was largely of Hispanic ethnicity. Therefore, 
our results might not entirely apply to other cohorts with 
different demographics and risk profiles. However, our data 
provide important information on the Hispanic subgroup, 
which is usually under-represented in epidemiological 
studies.40 Because dietary variables and exercise patterns 
(the latter having, however, a very narrow distribution in 
this elderly population) were not considered in our anal-
ysis, their potential influence on our findings cannot be 
excluded. The duration of alcohol consumption beyond the 
years we monitored was not considered in the analysis. The 
potential effect of a survival bias (i.e., heavy alcohol users 
not having been included because of premature death) can-
not be evaluated in this cross-sectional analysis. Finally, the 
small sample size of the moderate-to-heavy consumption 
subgroup may have affected the significance of the results 
observed for that subgroup.
Our study in an elderly community-based cohort 
showed that moderate-to-heavy alcohol consumption was 
associated with higher BP values measured by 24-hour 
ABPM and that very light consumption was associated 
with lower BP variability. This association might have a role 
in the known cardio-protective effects of light-to-moderate 
alcohol consumption, a hypothesis that requires further 
investigation.
ACkNOwLEDGMENTS
This work was supported by grants from the National 
Institute of Neurological Disorders and Stroke (R01 NS36286 
to Marco R. Di Tullio; R37 NS29993 to Ralph L. Sacco and 
Mitchell S.V. Elkind). Dr. Jaubert has been supported by a 
grant from the French Society of Cardiology. The authors 
wish to thank Janet De Rosa, MPH, for the coordination of 
the study; and Rui Lui, MD, Rafi Cabral, MD, and Palma 
Gervasi-Franklin for their help in the collection and man-
agement of the data.
DiSCLOSURE
The authors declared no conflict of interest.
REFERENCES
 1. Xin X, He J, Frontini MG, Ogden LG, Motsamai OI, Whelton PK. 
Effects of alcohol reduction on blood pressure: a meta-analysis of rand-
omized controlled trials. Hypertension 2001; 38:1112–1117.
 2. Marmot MG, Elliott P, Shipley MJ, Dyer AR, Ueshima H, Beevers DG, 
Stamler R, Kesteloot H, Rose G, Stamler J. Alcohol and blood pressure: 
the INTERSALT study. BMJ 1994; 308:1263–1267.
 3. MacMahon S. Alcohol consumption and hypertension. Hypertension 
1987; 9:111–121.
 4. Fuchs FD, Chambless LE, Whelton PK, Nieto FJ, Heiss G. Alcohol con-
sumption and the incidence of hypertension: the Atherosclerosis Risk 
in Communities Study. Hypertension 2001; 37:1242–1250.
 5. Nakanishi N, Yoshida H, Nakamura K, Suzuki K, Tatara K. Alcohol 
consumption and risk for hypertension in middle-aged Japanese men. 
J Hypertens 2001; 19:851–855.
 6. Puddey IB, Beilin LJ, Vandongen R. Regular alcohol use raises blood 
pressure in treated hypertensive subjects. A  randomised controlled 
trial. Lancet 1987; 1:647–651.
 7. Puddey IB, Beilin LJ, Vandongen R, Rouse IL, Rogers P. Evidence 
for a direct effect of alcohol consumption on blood pressure in nor-
motensive men. A  randomized controlled trial. Hypertension 1985; 
7:707–713.
 8. Ueshima H, Mikawa K, Baba S, Sasaki S, Ozawa H, Tsushima M, 
Kawaguchi A, Omae T, Katayama Y, Kayamori Y, Ito K. Effect of 
reduced alcohol consumption on blood pressure in untreated hyper-
tensive men. Hypertension 1993; 21:248–252.
 9. Aguilera MT, de la Sierra A, Coca A, Estruch R, Fernandez-Sola 
J, Urbano-Marquez A. Effect of alcohol abstinence on blood pres-
sure: assessment by 24-hour ambulatory blood pressure monitoring. 
Hypertension 1999; 33:653–657.
 10. Wakabayashi I. Influence of gender on the association of alcohol drink-
ing with blood pressure. Am J Hypertens 2008; 21:1310–1317.
 11. Klatsky AL, Friedman GD, Armstrong MA. The relationships between 
alcoholic beverage use and other traits to blood pressure: a new Kaiser 
Permanente study. Circulation 1986; 73:628–636.
 12. Panagiotakos DB, Kourlaba G, Zeimbekis A, Toutouzas P, 
Polychronopoulos E. The J-shape association of alcohol consumption 
on blood pressure levels, in elderly people from Mediterranean Islands 
(MEDIS epidemiological study). J Hum Hypertens 2007; 21:585–587.
 13. Mukamal KJ, Chen CM, Rao SR, Breslow RA. Alcohol consumption 
and cardiovascular mortality among U.S.  adults, 1987 to 2002. J  Am 
Coll Cardiol 2010; 55:1328–1335.
 14. Sacco RL, Elkind M, Boden-Albala B, Lin IF, Kargman DE, Hauser WA, 
Shea S, Paik MC. The protective effect of moderate alcohol consump-
tion on ischemic stroke. JAMA 1999; 281:53–60.
 15. Abramson JL, Williams SA, Krumholz HM, Vaccarino V. Moderate 
alcohol consumption and risk of heart failure among older persons. 
JAMA 2001; 285:1971–1977.
 16. Wakabayashi I. Alcohol intake and atherosclerotic risk factors in 
normotensive and prehypertensive men. Am  J Hypertens 2011; 
24:1007–1014.
694 American Journal of Hypertension 27(5) May 2014
Jaubert et al.
 17. Kohsaka S, Jin Z, Rundek T, Homma S, Sacco RL, Di Tullio MR. 
Alcohol consumption and atherosclerotic burden in the proximal tho-
racic aorta. Atherosclerosis 2011; 219:794–798.
 18. Iwata S, Jin Z, Schwartz JE, Homma S, Elkind MS, Rundek T, Sacco RL, 
Di Tullio MR. Relationship between ambulatory blood pressure and 
aortic arch atherosclerosis. Atherosclerosis 2012; 221:427–431.
 19. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association 
of alcohol consumption with selected cardiovascular disease outcomes: 
a systematic review and meta-analysis. BMJ 2011; 342:d671.
 20. Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J. Alcohol con-
sumption and risk of stroke: a meta-analysis. JAMA 2003; 289:579–588.
 21. Gillman MW, Cook NR, Evans DA, Rosner B, Hennekens CH. 
Relationship of alcohol intake with blood pressure in young adults. 
Hypertension 1995; 25:1106–1110.
 22. Sesso HD, Cook NR, Buring JE, Manson JE, Gaziano JM. Alcohol 
consumption and the risk of hypertension in women and men. 
Hypertension 2008; 51:1080–1087.
 23. Puddey IB, Beilin LJ. Alcohol is bad for blood pressure. Clin Exp 
Pharmacol Physiol 2006; 33:847–852.
 24. Britton A, Marmot MG, Shipley M. Who benefits most from the cardio-
protective properties of alcohol consumption—health freaks or couch 
potatoes? J Epidemiol Community Health 2008; 62:905–908.
 25. Elkind MS, Sciacca R, Boden-Albala B, Rundek T, Paik MC, Sacco RL. 
Moderate alcohol consumption reduces risk of ischemic stroke: the 
Northern Manhattan Study. Stroke 2006; 37:13–19.
 26. Frezza M, di Padova C, Pozzato G, Terpin M, Baraona E, Lieber CS. 
High blood alcohol levels in women. The role of decreased gastric alco-
hol dehydrogenase activity and first-pass metabolism. N  Engl J Med 
1990; 322:95–99.
 27. Jimenez M, Chiuve SE, Glynn RJ, Stampfer MJ, Camargo CA Jr., Willett 
WC, Manson JE, Rexrode KM. Alcohol consumption and risk of stroke 
in women. Stroke 2012; 43:939–945.
 28. Ohira T, Tanigawa T, Tabata M, Imano H, Kitamura A, Kiyama M, Sato 
S, Okamura T, Cui R, Koike KA, Shimamoto T, Iso H. Effects of habitual 
alcohol intake on ambulatory blood pressure, heart rate, and its vari-
ability among Japanese men. Hypertension 2009; 53:13–19.
 29. Mancia G, Bombelli M, Facchetti R, Madotto F, Corrao G, Trevano 
FQ, Grassi G, Sega R. Long-term prognostic value of blood pres-
sure variability in the general population: results of the Pressioni 
Arteriose Monitorate e Loro Associazioni Study. Hypertension 2007; 
49:1265–1270.
 30. Metoki H, Ohkubo T, Imai Y. Diurnal blood pressure variation and car-
diovascular prognosis in a community-based study of Ohasama, Japan. 
Hypertens Res 2010; 33:652–656.
 31. Verdecchia P, Angeli F, Gattobigio R, Rapicetta C, Reboldi G. Impact 
of blood pressure variability on cardiac and cerebrovascular complica-
tions in hypertension. Am J Hypertens 2007; 20:154–161.
 32. Sander D, Kukla C, Klingelhofer J, Winbeck K, Conrad B. Relationship 
between circadian blood pressure patterns and progression of early 
carotid atherosclerosis: a 3-year follow-up study. Circulation 2000; 
102:1536–1541.
 33. Sega R, Corrao G, Bombelli M, Beltrame L, Facchetti R, Grassi G, 
Ferrario M, Mancia G. Blood pressure variability and organ damage 
in a general population: results from the PAMELA study (Pressioni 
Arteriose Monitorate E Loro Associazioni). Hypertension 2002; 
39:710–714.
 34. Costanzo S, Di Castelnuovo A, Donati MB, Iacoviello L, de 
Gaetano G. Alcohol consumption and mortality in patients with 
cardiovascular disease: a meta-analysis. J  Am Coll Cardiol 2010; 
55:1339–1347.
 35. Eguchi K, Hoshide S, Schwartz JE, Shimada K, Kario K. Visit-to-visit 
and ambulatory blood pressure variability as predictors of incident car-
diovascular events in patients with hypertension. Am J Hypertens 2012; 
25:962–968.
 36. Mattace-Raso FU, van den Meiracker AH, Bos WJ, van der Cammen 
TJ, Westerhof BE, Elias-Smale S, Reneman RS, Hoeks AP, Hofman A, 
Witteman JC. Arterial stiffness, cardiovagal baroreflex sensitivity and 
postural blood pressure changes in older adults: the Rotterdam Study. 
J Hypertens 2007; 25:1421–1426.
 37. Mattace-Raso FU, van der Cammen TJ, van den Elzen AP, Schalekamp 
MA, Asmar R, Reneman RS, Hoeks AP, Hofman A, Witteman JC. 
Moderate alcohol consumption is associated with reduced arterial stiff-
ness in older adults: the Rotterdam study. J Gerontol A Biol Sci Med Sci 
2005; 60:1479–1483.
 38. Sierksma A, Lebrun CE, van der Schouw YT, Grobbee DE, Lamberts 
SW, Hendriks HF, Bots ML. Alcohol consumption in relation to aor-
tic stiffness and aortic wave reflections: a cross-sectional study in 
healthy postmenopausal women. Arterioscler Thromb Vasc Biol 2004; 
24:342–348.
 39. Staessen JA, Thijs L, Fagard R, O’Brien ET, Clement D, de Leeuw 
PW, Mancia G, Nachev C, Palatini P, Parati G, Tuomilehto J, Webster 
J. Predicting cardiovascular risk using conventional vs ambula-
tory blood pressure in older patients with systolic hypertension. 
Systolic Hypertension in Europe Trial Investigators. JAMA 1999; 
282:539–546.
 40. Mukamal KJ. Impact of race and ethnicity on counseling for alcohol 
consumption: a population-based, cross-sectional survey. Alcohol Clin 
Exp Res 2007; 31:452–457.
